Abstract-The goals of rehabilitation are to improve function and gain as much independence as possible. As stroke attacks effect differs from person to person the type of rehabilitation would be unique. This paper looks into both independent physical and recreational therapy for a stroke patient using gaming based system, focusing on the Kinect sensor. The focus here is to investigate on how the gaming based system is able to reduce a patient dependability on the physiotherapist and increase their motivation and enthusiasm to continue their rehabilitation routine. By introducing gaming based rehabilitation, home therapy can be done in much pleasant way. Staying in home is less troublesome to the patient and therefore more conducive to a successful recovery. This paper concentrate on preliminary development of rehabilitation assisted game for arm area based on Kinect sensor.
Playing video games is often seen as an activity with little to no beneficial outcomes. Together with other sedentary pastimes such as watching television or internet browsing, playing video games has often been associated with boosting obesity. Yet, there is a lack of evidence on effects of video games on gamers, as shown in the review of studies into social and psychological effects of computers games.
Movement-based video game enables their users to employ active body movements as mode of interaction. When engaging with movement-based video games are seen as a playful, enjoyable experience (rather than a workout or an exercise).The existence of sophisticated devices for gaming such as Microsoft Kinect and Nintendo Wii devices have been exploited in such a way gaming-based rehabilitation assisted program is possible. This paper concentrates in developing an interactive rehabilitation system using Microsoft Kinect motion sensor to assist stroke patient with their physical and recreational therapy. The patients will basically undergo rehabilitation programmes after stabilized which consists of physiotherapy, speech therapy, occupational therapy and also life counselling.
II. STROKE & REHABILITATION
Stroke is a major cause of severe physical disabilities, leading to many varieties of impairments. As the occurrence of stroke patients increasing from time to time and their needs varies from one to another, therapists are pressurised in meeting the demand of their expertise [2] . Too many people following the rehabilitation programmes means that they need more therapists stand by in order to assist and guide them with the physiology. However the shortage of therapists and demographical issues delays the deliverability of rehabilitation services. Thus, an innovative game technology that can support stroke rehabilitation may provide new opportunities and easy environment as the system can be applied as home-based applications.
Computer games are recognized as one of a tool in supporting home rehabilitation. Rehabilitation games should be nicely integrated in general-purpose rehabilitation stations and should involve functional movements to attain the rehabilitation goals. Piravano et al., [3] adapted Wii platform in the development of an integrated gaming based rehabilitation platform with computational intelligence for A Gaming-Based System for Stroke Patients Physical Rehabilitation Abd Latif,M.H , Md.Yusof, H, Sidek,S.N , Shikhraji,M.S and Safie,M.H online monitoring. In addition, the system is capable of adapting the gameplay to the patients' status.
A. Overview of Stroke Syndrome
The neurological impairments that can result from stroke include apraxia, impairment in postural control, coordination difficulties and hemiparesis. As the population arises, the number of stroke incidents of 800,000 every year is expected to increase. Through intensive skill practices, patients' can improve subsequent recovery of motor function and also improving neuroplasticity [4] . Spinal cord Injury (SCI) patients experience severe limitations in performing daily activities. A conventional rehabilitation program involves repetitive exercises comprises of coordination and range-of motion exercises which professional therapists are often required to supervise and assess the progress of the patients [4] .
Research by Clark et al., [5] shows that motor rehabilitation process can take advantage of natural interaction based systems, including measurements from patient performance to track its evolution during time and therapy direction. Interaction is important for both Virtual Reality and Augmented Reality applications. With these systems, the users are able to interact with real and/or virtual environments. It is also possible to control the stimulus and perform measurements by using certain tools. Rehabilitation process can be optimized and patients' will be improving from time to time.
B. Gaming Based System for Rehabilitation
There were many studies that already been done by some of the researchers to integrate the gaming-based system relating with the physiotherapy exercises and rehabilitation activities. They did not narrow down their research only to the stoke patients but also to Spinal Cord Injury (SCI) patients and also Traumatic Brain Injury (TBI) patients.
A full-body control of animated virtual camera has been developed as mean for exercises. The Kinect sensor provides full-body tracking which allows and promotes a maximal level of recovery function while pushing the confines of physical, emotional, and cognitive impairments. This has been demonstrated by Chien et al., [4] with implementation of Kinect sensor in gaming platform based on Unity3d Engine. Meanwhile, Clark et al, [5] has evaluated the Microsoft Kinect for postural control. Postural control rehabilitation is important for the patients with backbone and nerve problems. Furthermore, this also gives an impact for SCI and TBI patients' development.
Research by Da Gama et al., [6] has demonstrated that by using natural interface, the body motion interaction with movement freedom is enable and aim to improve the exercise execution especially around shoulder area. The Kinect sensor was applied as main interaction support tool for recovery programs. It was use to provide threedimensional information about the user body, identifying skeleton and joint positions. However, the main downside of Kinect is it does not provide the detection of the body specific movements. In order to measure the patient performances, a scoring mechanism was developed for improvement monitoring purpose. The scoring mechanism is expected to give positive feedback to patients' motivation and hasten the recovery process.
A study by Chen et al., [7] mentioned that by exploiting the Kinect-based system image processing technology, a person could escalate their motivations and exercising performance. This study was conducted with the presence of a group of grade schooler patients and adult patients. The analysis or comparison was done by using the using ABAB sequence method. This method compares the movement patterns of normal people and the movement of the patients. The normal ones act as a baseline data to compare the differences and performances of the movements of the exercises. The greatest achievement was that every patient had increased their own motivation, rational, and interest towards this programmes. This system could be implemented to boost the motivations especially for youngster as their tendency to get demotivated is high.
Zhang et al., [8] has conducted a study on the comparison on motion tracking performance between Kinect sensor and the high fidelity OptiTrack optical system. Surprisingly, the results show that Kinect provide competitive performances to OptiTrack and it also provides pervasive accessibility to the patients to perform rehabilitation routine anywhere even at their home. OptiTrack is a high performance optical capture system and it is known for its high precision and processing ability. However, patients have to wear reflective markers on their body as an indicator for the camera to capture the motion based on the marker position. This marker system can induce anxiety to the users as they are confined to move and their involuntary thinking and movements is obstructed. The last result was more towards using Kinect as the users enjoying their free movements as it does not need marker as indicator. This shows that Kinect can give a more promising development in the future times. The Kinect sensor is able to distinguish human body parts, facilitate joints movements and also differentiate human faces. When executed, the camera will know who you are. The Xbox's processor translate the movements captured by the Kinect camera into meaningful on-screen events.
A study by Mainettie et al., [3] focused on the integration of video games for rehabilitation has utilized the computational intelligence methods for online monitoring and movement execution. A fuzzy system and Quest Bayesian adaptive approach was used for monitoring purpose. In this project, they use Wii Platform rather than using Kinect sensor. The Intelligence Game Engine for Rehabilitation (IGER) has been developed as a component of Rewire platform, developed under FP7 framework. The IGER module comprises of two components, the game control unit and the game engine. The Quest Bayesian Based in the game is an adaptation that based on estimation of a set of parameter and the subsequence value as a function of history within the game. Then a certain algorithm will be used to analyse and compare the data based in game history data.
To encourage the stroke patients whose having upper limbs motor disorder to practices the physiology programmes, the development and testing of a serious-game based movement therapy were developed by Minhua and Bechkoum [9] .The system contains a series of Virtual Reality (VR) system which consists of a number of serious games designed to encourage patient to participate and increase their motivations in an interesting virtual reality environments. This research also determines whether the provision of serious based games improves motor performance after stroke attack. This study proposes the effectiveness of serious games for the hemiplegia treatment. The study also raises awareness of the benefits of using serious games in movement therapy after stroke.
Sanjay et.al, [2] presented a new low cost game framework for stroke rehabilitation programme that would increase patient motivation for therapy and to study the feasibility and effect of a new game base technology to support hand and leg rehabilitation. They contributed many aspects of improvements in this study. Some of the improvements are using a gesture-based user friendly, motivational and cost effective game framework for home stroke rehabilitation. They used (MoCap) system which captures full human body motion using Kinect sensor. Besides, they also provide online database of patients' performance, result and evaluation system. Their system integrates many individual systems such as Bio-Signal Capturing Device, Skeleton Tracking System, online database, and lastly the Kinect sensor.
III. ISSUES WITH REHABILITATION
The patients will basically undergo rehabilitation programmes which consist of physiotherapy, speech therapy, occupational therapy and also life counselling after stabilized. The goal of rehabilitation is to improve bodily function so that the stroke survivor regains their independent. This must be accomplished in such a way that preserves their dignity and motivates the survivor to relearn the basic skills that the stroke may have taken away like eating, dressing, walking and even talking. The concern is here where most of the patients are in denial to the effectiveness of the rehabilitation prepared for them and some normally give-up halfway of the course. The main cause is due to lack of enthusiasm and motivation for rehabilitation. Research indicates that only 31% of these people undergo the therapy.
Among the measures that contribute to this issue is that patients refuse to visit rehab centre regularly. The distance of the rehab centre which normally far away from home is also an issue highlighted. The therapy sessions costs and complex equipment required for exercises is also a reason. In addition, repetition of physiotherapy sessions and some physiotherapist those hardly track patients' progress make most of the patients lose interest to further their programmes. Hence, the developments of gaming-based systems that are specialized in rehabilitation exercise and programmes are built to overcome this problem. This study mainly focused on how to make the normal routine of rehabilitation process become more interactive and enhancing stroke patients' motivation, interest, and perseverance. With this platform, the patient is free to perform the therapy at the convenience being at home. This will reduce cost on both sides and at the same time lifts the hope of patients to recover.
IV. SYSTEM DESIGN & EXPERIMENTAL SETUP
The system is divided into three level of interactive session with increasing difficulty for each level. The flow of the system is described by the flowchart in Fig. 1 . Hand Movement is a basic game that required the patients to move their hand up to 180 O . The purposes of this game are to make the patients become familiar with motion based games and to train their hand to be more active to move. The second game is called Touch the Color. This game will start after the patient succeeds the first level. The colors were randomly position in this game. The instructor is required to give instruction on which color need to be touched. The purpose is to train the hand to move in all possible direction. The last game is Catch the Shape which is very interactive; based on the combination of upper and lowers limb movement. The first level, Hand Movement game is shown in Fig.2 . In this game, the instructor is required to give the instructions to the patient. Patient is commanded to raise their hands at the checkpoint given; R1, R2 and R3 for right-handed training, L1, L2 and L3 for left-handed training. The objective is to make sure their hand is able to rise up to shoulder level for the basic skeleton training.
As the patient completed the first level, they will proceed to the second level; Touch the Color as shown in Fig.3 . In this level, they are required to touch the colors that appear on monitor which are randomly place so that their hand becomes really active and move freely.
The last game is slightly difficult since it require patients to move actively compared the second game to catch the shapes. The marks obtained are shown at the upper left side of the screen while, the timer is shown at the bottom. The in game environment is shown in Fig.4 . In this rehabilitation games, mostly involve muscles are from the upper part of the arm; deltoid, triceps, and biceps. The lower part; from the elbow to the finger will be involved subconsciously as the muscle of the upper part of the arm are contracting and relaxing. The game basically requires the patient to lift up their arm to a certain position.
A simple experiment was held in order to evaluate the game scoring features by involving three normal and healthy subjects. The experiment was conducted in a confine place as to know the acceptable and suitable distance and range between the Kinect sensor and the test subjects.
For the experiment, the subject needs to complete level one course and they have to repeat back the same course twice. The displayed time taken to finish the course will be recorded and will be analysed in order to evaluate the game performance. After the experiment, the test subjects have to fill in a questionnaire regarding to the game. The data of the experiment is shown in Table 1 below. In this experiment, the activity was repeated three times in order to know the difference of the subject performance as they started to become familiar with the system by doing it repeatedly. Based on the tabulated data, the subjects' performance started to increase as they take shorter time to complete the level 1 course. From this data, it can be proved that by playing the game repetitively, the performance and achievements of the subjects will be increase. The concept is same like doing the normal traditional rehabilitation exercise repeatedly but by applying it into a game, it will hinder the subjects from being bored and lost their enthusiasms.
Based on the data recorded, this system can increase the performance of the subjects as well as increasing their motivation. This means, the problem of lack of enthusiasms and lack of motivation that usually haunt the stroke patients during rehabilitation phase is negated. At the end of the experiment, some informal interview was conducted. The test subject was asked to fill in the questionnaire about the contents and the effect that can be perceived by playing the game. According to the questionnaire result, the test subjects agreed that the graphic and the presentation of the game are interesting as the systems implement the usage of three dimensional environments rather than two dimensional. They also agree that music implementation on the game can keep them stay interested toward the game and also enjoying the game. The set-up of the game is also easy for them and they don't need require much computer knowledge to operate the game.
An interactive interphase of rehabilitation game was successfully developed by implementing Microsoft Kinect sensor for detection of patients' movement and thus helping the progress of the stroke rehabilitation therapy. By using C# codes and OpenNI/Nite, this rehabilitation assisted games was created using Unity3d. Moreover, with the help by a group of participants, the game performance was successfully evaluated and all the limitation and weaknesses can be identified. Based on the evaluation, the game difficulty and a good set of instruction must be revise and improved before it can be applied to the stroke patients.
Many previous studies have proven the effectiveness of Kinect implementation in medical area and also in physical rehabilitation. Lots of organizations and hospitals have already implementing the uses of the Kinect for their patient's therapy. The uses of the Kinect not limited to the therapy process, but also used in medical operation. There are some limitations of Kinect sensor highlighted in this research. Throughout the research, Kinect sensor for Xbox was used rather than Kinect sensor for Windows. The limitation of Kinect sensor for Xbox is that it cannot apply face recognition features and the effectiveness decrease in "near mode" .Therefore, the distance between the patients and the Kinect sensor must be carefully observed in order to get the best result for the games. 
